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gEHERATIOH OF HTGH TITERS OF RECQMBTWXWT XXV VKCTOBfi 

TECHKZCAL FIELD OF TBB INVENTION 
This invention relates to gene therapy* and aore 
specifically to materials and aethods used for the generation 
of high titers of reeenbinant AAV vectors for use in gene 
therapy procedures. 

BACKGROUND OF THE INVENTION 
AAV vectors nay have utility for gene therapy but 
heretofore a significant obstacle has been the inability to 
generate sufficient quantities of such recosbinant vectors in 
aaounts that would be clinically useful for hunan gene 
therapy application. This is a particular problea for in 
vivo applications such as direct delivery to the lung. 

Adeno-associated virus (AAV) vectors are aaong a snail 
nuaber of recoabinant virus vector systeas which have been 
shown to have utility as in vivo gene transfer agents 
(reviewed in Carter, 1992, Current Onlnion In BlB teehnolaav . 
3:533-539; Muzcyska, 1992, Cnrr. Ton, Mterahiol. Timnftl , 
lst!97-i29) and thus are potentially of great importance for 
huaan gene therapy. AAV vectors are capable of high- 
frequency stable DNA integration and expression in a variety 
of cells including cystic fibrosis (CF) bronchial and nasal 
epithelial cells (Flotte et al., 1992a, An. J. Reeoir. Cell 
Mftli Biol I 7:349-356; Bgan et al., 1992, Ufltucfi, as«:SSl-584; 
Flotte et al., I993a, J. Biei. ch«a. acst37Sl-3790; Flotte et 
al., 1993b, Proe. Wai^i . Aead. Sei . MX. in press), huaan bone 
aarrow-derived erythroleukeaia cells (Walsh et al., 1992, 
Proc. Natl. Acad, sei. nsx. a9:7257-7261) , and several 
others. AAV aay not require active cell division for stable 
expression which would be a clear advantage over 
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retr viruses, sspscially in tissue such as the huaan aixifay 
epitheliua where aost cells are terainally differentiated and 

n n-dividing. 

AAV is a defective parvovirus that grows only in cells 
5 in which. certain functions are provided by a co-infecting 
helper virus (see Fig. 1) • General reviews of AAV &ay be 
found in Carter, 1989, Handboolc of Parvovlruagg , vol. I, pp« 
169-228, Carter, 1989, HflndfeQPX Of ParVQYinWggf Vol. I, pp. 
169-228, Bems, 1990, viroloav , pp. 1743--1764, Raven Press, 

10 (New York) • Exaaples of co- infecting viruses that provide 
helper functions for AAV growth and replication are 
adenoviruses, herpesviruses and in some cases poxviruses such 
as vaccinia. The nature of the helper function is not known 
but appears to be some indirect effect of the helper virus 

15 which renders the cell permissive for AAV replication. This 
concept is supported by the observation that in certain cases 
AAV replication may occur at a low level of efficiency in th 
absence of helper virus co-infection if the cells are treated 
with agents that are either genotoxic or that disrupt the 

20 cell cycle. 

Although AAV may replicate to a limited extent in the 
absence of helper virus in certain iinusual conditions, as 
noted above, the more general result is that infection of 
cells with AAV in the absence of helper functions results in 

25 integration of AAV into the host cell genome. The integrated 
AAV genome may be rescued and replicated to yield a burst of 
infectious progeny AAV particles if cells containing an 
integrated AAV provirus are superinf ected with a helper virus 
such as adenovirus. Because the integration of AAV appears 

30 to be an efficient event, this suggested that AAV would be a 
useful vector for introducing genes into cells for stable 
expression for uses such as human gene therapy* More recent 
results (Kotin £ Bems, 1989, virology 170:460-467; Kotin et 
al., 1990, Proc. Natl. Acad. Sci, USA . 87:2211-2215; Samulski 

35 et al., 1991, EMBO J. 10:3941*3950) have suggested that AAV 
may exhibit some preference for integration at a site on 



wo 95^3365 PCT/US94/125S7 

-3- 

huaan chroBosoaci 19 but th generality . and nechanlsB of this 
phenonen n has n t been elucidated fully. 

AAV has a very br ad h st xange vith neither any bvious 
species or tissue specificity and vill replicate in virtually 
5 any cell.. line of hunan, siaian or rodent origin provided an 
appropriate helper is present. AAV is ubiquitous and has 
been isolated f roa a vide variety of animal species including 
Bost aaanalian and several avian species. 

AAV has not been associated with the cause of any 

10 disease. AAV is not a transforming or oncogenic virus. AAV 
integration into chronosoaes of huaan cell lines does not 
cause any significant alteration in the gro%rth properties or 
morphological characteristics of the cells. These properties 
of AAV also recoaaend it as a potentially useful huaan gene 

15 therapy vector because aost of the other viral systeas 
proposed for this application such as retroviruses, 
adenoviruses, herpesviruses, or poxviruses are disease-* 
causing viruses. 

AAV particles are comprised of a protein capsid having 

20 three capsid proteins, VPl, VP2, and VP3, and enclosing a DNA 
genoae. The AAV DHA genoae is a linear single-stranded DNA 
aolecule having a aolecular veight of about 1.5 x 10* daltons 
or approxiaately 4680 nucleotides long. Strands of either 
coapleaentary sense, '"plus" or ?ainus" strands, are packaged 

25 into individual particles but each particle has only one DNA 
molecule. Equal numbers of AAV particles contain either a 
plus or ainus strand. Either strand is equally infectious 
and replication occxirs by conversion of the parental 
infecting single strand to a duplex f ora and subsequent 

30 aaplif ication of a large pool of duplex aolecules froa vhich 
progeny single strands are displaced and packaged into 
capsids. Duplex or single«*strand copies of AAV genoaes 
inserted into bacterial plasaids or phageaids are infectious 
li^en transf acted into adenovirus-infeeted cells, and this has 

35 allowed the study of AAV genetics and the developaent of AAV 
vectors. The replication cycle of AAV is diagraaaed in 
Figure 1. 
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Th« AAV2 genone has onm copy of tha 145-'nuclootldo*l ng 
ITR (Inverted terminal rapaat) f each end and a unique 
sequence regi n of about 4470 nucleotides 1 ng (Srivaatava et 
al., 1983, J. Virol, , 45:555-564) that contains tv sain open 
5 reading fra&es for the rep and cap genes (Heraonat et al*« JLi. 
Ylralj. 51:329-339; Tratschin et al., 1984a, J. viroi^. 
51:611-619) • The unique region contains three transcription 
promoters p^, Pit, and P40 (Z<aughlin et al., 1979, Proe. itatl. 
Acad> sei, USA, 76:5567-5571) that are used to express the 

10 rep and cap genes • The ITR sequences are required in cis and 
are sufficient to provide a functional origin of replication 
(ori) and also are sufficient to provide signals required for 
integration into the cell genome as veil as for efficient 
excision and rescue from host cell chromosomes or from 

15 recombinant plasmids. In addition it has been shown that the 
ITR can function directly as a transcription promoter in an 
AAV vector (Flotte et al«, 1993, vide suprm) . 

The rep and cap genes are required in traits to provide 
fwctions for replication and encapsidation of viral genome 

20 respectively. The rep gene is expressed from two promoters , 
Pj and.pi^. Transcription from p^ yields an unspliced 4.2 kb 
mRNA which encodes a protein, Rep78, and a spliced 3.9 kb 
mRNA which encodes a protein, Rep68« Transcription from p^ 
yields an unspliced mRNA which encodes Rep52 and a spliced 

25 3.3 kb mRNA which encodes Rep40. Thus, the four Rep proteins 
all comprise a common internal region seqpience but differ 
with respect to their amino and carboxyl terminal regions* 
Only Rep78 and Rep68 are required for AAV duplex DNA 
replication, but Rep52 and Rep40 appear to be needed for 

30 progeny, single-strand DNA accumulation. Mutations in Rep78 
and Rep6S are phenotypically Rep* whereas mutations affecting 
only Rep52 and Rep40 are Rep*^ but Ssd*. Rep68 and Rep78 bind 
specifically to the hairpin conformation of the AAV ITR and 
possess several enzyme activities required for resolving 

35 replication at the AAV termini. Rep52 and Rep40 have none of 
these properties. 
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Th R^p protalm, primarily IUp78 and Rep68 axhibit 
aavaral plai tr pie regulatory activitias including poaitiva 
and nagativ ragulati n of AAV ganas and axpraasi n froa aoM 
hatarolog us pronotara, aa vail as. inhibitory af facta n call 
5 growth (Tratachin at al., 1986, Mel, call, bIqI, 8:2884-2894; 
Labov at al., 1987, Mel. Call. Biol. . 7tl320--1325} Khlaif at 
al«, Vlreleqy, aai:738-741) • Tha AAV p^ proBOtar ia 
nagatively autoragulatad by Rap78 or Rap68 (Tratachin at al., 
1986, MQl. Cell. Biel, 6:2884-2894). Becausa of tha 

10 inhibitory affects of expression of rep on call growth, 
constitutive expression of rap in cell linaa has not been 
readily achieved. For example, Nendelaon at al. (1988, 
virology. 166:154-165) reported a vary low level expression 
of some Rep proteins in certain call lines after stable 

15 integration of AAV genones. 

The proteins VPl, VP2, and VP3 all share a conon 
overlapping sequence but differ in that VPl and VP2 contain 
additional amino terminal sequence. All three are coded from 
the same cap gene reading frame expressed from a spliced 2.3 

20 kb mRNA transcribed from the P40 promoter. VP2 and VP3 are 
generated from the same mRNA by use of alternate initiation 
codona. VPl is coded from a minor mRNA using 3' donor site 
that is 30 nucleotides upstream from the 3' donor used for 
the major mRNA that encodea VP2 and VP3. VPl, VP2, and VP3 

25 are all required for caps id production. Mutations %^ich 
eliminate all three proteins (Cap*) prevent accumulation of 
single-strand progeny AAV DNA whereas mutations in the VPl 
amino-terminua (Lip*, InT) permit aingle-strand production 
but prevent aaaembly of atable infectious particles. 

30 The genetic analysis of AAV that was described above was 

based upon mutational analysis of AAV genomes that vara 
molecular ly cloned into bacterial plasmids. In early vork, 
molecular clones of infectious genomes of AAV were 
constructed by insertion of double-strand moleculea of AAV 

35 into plasmids by procedures such as GC tailing (Samulslci at 
al., 1982, PTQCt Wat It AcAdt SCit PSA. 79:2077-2081), 
addition of synthetic linkers containing restriction 
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end nuclease (Laughlln et al., 1983, Gene . 23:65-73) or tay 
direct, blunt-end ligati n (Senapathy & Carter, 1984, J- 
Biol. chm.. 259:4661-4666). It vas then ahovn that 
transfection of euch AAV recombinant plaoaids Int Baaaalian 
5 cells that were also Infected with an appropriate helper 

virus, such as adenovirus, resulted in rescue and excision f 
the AAV genome free of any plasmid sequence and replication 
of the rescued genome and generation of a yield of progeny 
infectious AAV particles (see Pig. i) • This provided the 
10 basis for performing genetic analysis of AAV as summarized 
above and permitted construction of AAV transducing vectors. 

Based on the genetic analysis, the general principles f 
AAV vector construction were defined as reviewed recently 
(Carter, 1992, Current Opinions In Bioteehneloov. 3:533-539; 
15 Muzyczka, 1992, Current Topics in Mier Qbtelrirfv And 

IramnslfiaXf 158:97-129). AAV vectors are constructed in AAV 
recombinant plasmids by substituting portions of the AAV 
coding sequence with foreign DNA to generate a vector 
plasmid. In the vector plasmid, the terminal (ITR) portions 
20 of the AAV sequence must be retained intact because these 
regions are required in cis for several functions including 
excision from the plasmid after transfection, replication of 
the vector genome and integration and rescue from a host cell 
genome. The vector can then be packaged into an AAV particle 
25 to generate an AAV transducing virus by transfection of the 
vector plasmid into cells that are infected by an appropriate 
helper virus such as adenovixus or herpesvirus. Zn order to 
achieve replication and encapsidation of the vector genome 
into AAV particles, the vector plasmid must be complemented 
30 for any AAV fimctions required in trans, namely rep and cap, 
that were deleted in construction of the vector plasmid. 

There are at least two desirable features of any AAV 
vector that is designed for use in human gene therapy, 
the transducing vector must be generated at 
35 sufficiently high titers that it is practicable as a delivery 
system. This is especially important for gene therapy 
stratagems aimed at in vivo delivery of the vector. It is 
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likely that f r.sany desirable appllcatlona TAAV vect re, 
such as treateent f cystic f ibr sis by direct in vivo 
delivery t the airway, the required d s f transducing 
vector nay be in excess of 10'^. Secondly, the vector 
5 preparations nust be free of vild-type AXV virus. The 

attainment of high titers of AAV vectors has been difficult 
for several reasons including preferential encapsidation of 
vild-type AAV genomes if they are present or generated by 
recombination, and the inability to generate sufficient 
10 complementing functions such as rep or cap. Useful cell 

lines expressing such complementing functions have net been 
generated, in part, because of several inhibitory functions 
of the rep gene. 

The first AAV vectors that were described contained 
15 foreign reporter genes such as neo or cat or dhtr that were 
expressed from AAV transciption promoters or an SV40 promoter 
(Tratschin et al., 1984b, Mel. Csll, Biol. 4x2072-2081; 
Hermonat & Muzycska, 1984, Free, Wafcl, Aead, Sei. tisa. 
81:6466-6470; Tratschin et al., 1985, Mol. Cell, Biel. 
20 5:3251-3260; McLaughlin et al., 1988, J. Vtrol. , 62:1963- 
1973; Lebkowski et al., 1988 Hoi. Cell. Blol> . 7:349-356). 
These vectors were packaged into AAV-transducing particles by 
co-transfection into adenovirus- infected cells together vith 
a second packaging plasmid that contained the AAV rmp and cap 
25 genes expressed from the natural wild-type AAV transciption 
promoters. In an attempt to prevent packaging of the 
padkaging plasmid that contained the AAV rep and cap genes 
expressed from the natural wild-type AAV transciption 
promoters. In an attempt to prevent packaging of the 
30 packaging plasmid into AAV particles several approaches were 
taken, in some cases, (Hermonat a Muzycska, 1984; McLaughlin 
et al., 1988) the packaging plasmid had inserted a large 
region of bacteriophage lambda DMA within the AAV sequence t 
generate an oversized genome that could not be packaged. In 
35 other cases, (Tratschin et al., 1984b; Tratschin et al., 
1985, Lebkowski et al., 1988), the packaging plasmid had 
deleted the ITR regions of AAV in order that it could not be 
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•xcisad and rspllcatod and thus could n t be packaged. All 

£ thee approach a failed t prevent generati n of partlclee 
containing wild-type AAV DNA and also failed t generate 
effective high titers of AAV transducing particles. Indeed 
5 titers of not acre than 10^ al were cited by Her&onat & 

Muzyczka, 1984. The production of vild-type AAV particles in 
these studies vas probably due to the presence of overlapping 
hoBology between AAV sequences present in the vector and 
packaging plasaids. It was shown by Senapathy and Carter . 
10 (1984, J. Biol- Ch^ml 259:4661-4666} that the degree of 

recoabination in such a systea is approxiaately equivalent to 
the degree of sequence overlap* It was suggested in a review 
of the early work (Carter 1989, Handbook of Parvoviruses. 
Vol. II, pp. 247-284, CRC Press, Boca Raton, FL) that titers 
15 of 10^ per al aight be obtained, but this was based on the 
above-cited studies in which large aaounts of wild-type AAV 
contaainated the vector preparation* Such vector 
preparations containing wild-type AAV are not useful human 
gene therapy. Purthernore, these early vectors exhibited low 
20 transduction efficiencies and did not transduce acre than 1 
or 2% of cells in cultures of various huaan cell lines even 
though the vectors were supplied at aultiplicities of up to 
50,000 particles per cell. This aay have reflected in part 
the contamination with wild-type. AAV particles and the 
25 presence of the AAV rep gene in the vector* Furtheraore, 
Saaulski et al. (1989, J. Virol, 63:3822-3828) showed that 
the presence of wild-type AAV significantly enhanced the 
yield of packaged vector. Thus, in packaging systems where 
the production of wild-type AAV is eliminated^ the yield of 
30 packaged vector aay actually be decreased. Nevertheless, for 
use in any human clinical application it will be essential to 
eliminate production of wild-type AAV. 

Additional studies (McLaughlin et al., 1988; Lebkowski 
et al., 1988} to generate AAV vectors which did not contain 
35 the AAV rep or cap gene still met with generation of wild- 
type AAV and still produced very low transduction frequencies 
on human cell lines. Thus, McLaughlin et al., 1988 reported 
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that AAV rep*cap: vect rs containing the n o gene packaged 
with the ea&e packaging plasaid used arlier by Benonat i 
Huzyczka (1984) still contain d wild-type AAV, As a 
consequence it was only possible to use this virus at a 
5 multiplicity of 0.03 particles per cell (i.e., 300 infectious 
\2nit6 per 10,000 cell) to avoid double hits with vector and 
vild-type particles. When the experiment was done in this 
way, by infecting 32,000 cells with 1000 infectious units, an 
average of 800 geneticin-resistant colonies was obtained. 

10 Although this was interpreted as desonstratlng the virus was 
capable of yielding a transduction frequency of 80%, in fact 
only 2.5% of the cells were transduced. Thus the effectively 
useful titer of this vector was limited. Furthermore, this 
study did not demonstrate that the actual titer of the vector 

15 preparation was any higher than those obtained previously by 
Heirmonat & Muzyczka (1984). Similarly, Lebkovski et al., 
1988, packaged AAV vectors which did not contain either a rep 
or cap gene and used an ori' packaging plasnid pBalA 
identical to that used earlier by Tratschin et al., (1984b, 

20 1985) and reported transduction frequencies that were 

similarly low, in that for several h\iman cell lines not more 
than 1% of the cells could be transduced to geneticin 
resistance even with their most concentrated vector stocks. 
Lebkovski et al., (1988) did not report the actual vector 

25 titers in a meaningful way but the biological assays shoving 
not more than 1% transduction frequency vhen 5 x 10* cells 
were exposed to three ml of vector preparation indicates that 
the titer vas less than 2 x 10^. Also, the pBal packaging 
plasmid contains overlapping homology vith the ITR sequence 

30 in the vector and leads to generation by recombination of 
vild-type AAV. 

Laface et al., (1988) used the same vector as that used 
by Hermonat k Huzyczka (1984) prepared in the same vay and 
obtained a transduction frequency of 1.5% in murine bone 
35 marrow cultures again shoving very lov titer. 

Samulski et al., (1987, J- Vlrol, . 61:3096-3101) 
constructed a plasmid called pSub201 vhich vas an intact AAV 
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gencsne in a bacterial plasnld but which bad a deletion of 13 
nucle tid a at the extremity f each ITR and thus %ras rescued 
and r plicated leas efficiently than ther AAV plaanida that 
c ntained the entire AAV genome. Saitulslci et al. (1989, 2«. 
5 Virol, , C3: 3822-3828) constructed AAV vectors based on 

psub20l but deleted for rep and cap and containing either a 
hyg or aeo gene expressed froa an SV40 early gene promoter. 
They packaged these vectors by co-transfection with a 
packaging plasmid called pAAV/Ad vhich consisted of the 

10 entire AAV nucleotide sequence from nucleotide 190 to 4490 
enclosed at either end with one copy of the adenovirus ITR. ' 
In this packaging plasnid the AAV rep and cap genes were 
expressed froa the natural AAV promoters pj, Pi^ and P40, The 
fiinction of the adenovirus ITR in pAAV/Ad was thought to be 

15 to enhance the expression level of AAV capsid proteins. 

However, rep is expressed from its homologous promoter and is 
negatively regulated and thus its expression is limited. 
Using their encapsidation system Samulski et al., 1989, 
generated AAV vector stocks that were substantially free of 

20 wild- type AAV but had transducing titers of only 3 x 10^ 
hygromycin-resistant units per ml of supernatant. When a 
wild«*type AAV genome was used in the packaging plasmid the 
titer of the AAV vector prep was increased to 5 x 10*. The 
low titer produced in this system thus appears to have been 

25 due in part to the defect in the ITR sequences of the basic 
pSub20l plasmid used for vector construction and in part due 
to limiting expression of AAV genes from pAAV/Ad. In an 
attempt to increase the titer of the AAVneo vector 
preparation, Samulski et al., 1989, generated vector stodks 

30 by transfecting, in bulk, thirty 10-em dishes of 293 cells 
and concentrating the vector stock by banding in CsCl. This 
produced an AAVneo vector stock containing a total of 10* 
particles as measured by a DNA dot-blot hybridization assay. 
When this vector stock was used at multiplicities of up to 

35 1,000 particles per cell, a transduction frequency of 70% was 
obtained. This suggests that the particle-to-transducing 
ratio is about SOO to 1,000 particles since at the ratio of 
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OM transducing unit per cell the expected proporti n f 
cells that eh uld be transduced is €3% according t the 
P iss n dlstributi n. 

Although the systea f Sagulskl et al., 1989, using the 
5 vector plasald pSubZOl and the packaging plasald pAAV/Ad did 
not have overlapping AAV sequence honology between the tvo 
plasalds, there is overlapping honology at the XbaZ sites and 
reconbinatlon of these sites leads to generation of conplete 
wild-type AAV. That is, although overlapping honology of AAV 

10 sequence is not present, the complete AAV sequence is 

contained vlthin the tvo plasaids, and thus recombination can 
generate vild-type AAV, which is undesirable* That this 
class of recombination occurs in AAV plasmids was shown by 
Senapathy & Carter (1984, J. Biol, Chcm, 259:4661-4666). 

15 Therefore, because of the problems of low titer and ability 
to generate wild*type recombinants, the system described by 
Samulski et al., 1989, does not have utility for human gene 
therapy. 

Several other reports have described AAV vectors. 

20 Srivastava et al., (1989, PCQCi Mfltlt ACfld. Sci> VSh, 

86:8078-8082} described an AAV vector based on the pSub201 
plasmid of Samulski et al., (1987), in which the coding 
sequences of AAV were replaced with the coding sequences of 
another parvovirus, B19. This vector was packaged into AAV 

25 particles using the pAAV/Ad packaging plasmid and generated a 
functional vector, but titers were not reported. This system 
was based on pSub201 and thus suffers from the defect 
described above for this plasmid. Second, the vector and the 
packaging plasmid both contained overlapping AAV sequences 

30 (the ITR regions) and thus recombination to give 
contaminating wild-type virus is highly likely. 

Chatterjee et al. (1991, Vaccines 91 . Cold Spring Harbor 
Laboratory Press, pp. 85-89), Wong et al. (1991 Vaeelnea 91 , 
Cold Spring Harbor Laboratory Press, pp. 183-189), and 

35 Chatterjee et al. (1992, Science . 258:1485-1488) describe AAV 
vectors designed to express antisense RNA directed against 
infectious viruses such as HIV or Herpes simplex virus. 
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Bov ver, these authors did not rep rt any titers f their AAV 
vect r stocks. Purth more, they- packaged th ir vectors 
using and ri' packaging plasnld analogous to that used toy 
Tratschin t al. (1984b, 1985) c ntaining the BalA fragaent 
5 of the AAV genome and therefore their packaging plasmid 
contained AAV vector sequences .that have homology vith AAV 
sequences that vere present in their vector constructs. This 
vill also, lead to generation of vild-type AAV. Thus, 
Chatterjee et al«, and Hong et al., used a packaging system 
10 known to give only low titer and which can lead to generation 
of wild-type AAV genomes because of the overlapping homology 
in the vector and packaging sequences. 

other reports have described the use of AAV vectors to 
express genes in human lymphocytes (M\iro-Cacho et al., 1992, 
^5 J- TttmuTiQ<^h^y;ji|;>Yr IX: 231-237) or a human erythroid leukemia 
cell line (Walsh et al., 1992, Proc. Watl. Aead. sei. fiSA, 
89:7257-7261) with vectors based on the pSub201 vector 
plasmid and pAAV/Ad packaging plasmid. Again, titers of 
vector stocks were not reported and were apparently low 
20 because a selective marker gene was used to identify those 
cells that had been successfully transduced with the vector. 

Transduction of human airway epithelial cells, grown in 
vitro from a cystic fibrosis patient, with an AAV vector 
expressing the selective marker gene neo from the AAV p, 
25 promoter was reported (Flotte et al., 1992, Am. J. Respjy. 

Cell. Mol. Biel, 7:349-356). In this study the AAVneo vector 
was packaged into AAV particles using the pAAV/Ad packaging 
plasmid. Up to 70% of the cells in the culture could be 
transduced to geneticin resistance and the particle-to- 
30 transducing ratio was similar to that reported by Samulski et 
al., (1989). Thus to obtain transduction of 70% of the 
cells, a multiplicity of up to several hundred vector 
particles per cell was required. Transduction of human 
airway epithelial cells in in vitro culture using an AAV 
35 transducing vector that expressed the CFTR gene from the AAV 
ZTR promoter showed that the cells could be functionally 
corrected for the electrophysiological defect in chloride 
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Channel functi n that exists in cells tram cystic fibrosis 
patients (Egan et al., HatUEs, 1992, 3SS:581-S84; Plotte et 
al., J, Biol- ghea- a«e:3781-3790). 

The above-cited studies suggest that AAV vect rs nay 
5 have potential utility as vectors for treataent of huaan 
disease by gene therapy. Bovever^ the ability to generate 
sufficient aaounts of AAV vectors has been a severe 
linitation on the development of huaan gene therapy using AAV 
vectors. One aspect of this liaitation has also resulted in 

10 the prior absence of any studies using AAV vectors in in vivo 
aniaal aodels. This is generally a reflection of the 
difficulty associated with generating sufficient amounts of 
AAV vector stocJcs having a high enough titer to be useful in 
analyzing in vivo delivery and gene expression. One of the 

15 liaiting factors for AAV gene therapy has been the relative 
inefficiency of the vector packaging systeas that have been 
used. Because of the lack of cell lines expressing the AAV 
trans coaplemcnting functions, such as rap and cap, packaging 
®' vectors has been achieved in adenovirus- infected cells 

20 by co-transfection of a packaging plasmid and a vector 

plasmid. The efficiency of this process may be liaited by 
the efficiency of transfection of each of the plasmid 
constructs, and by the level of expression of Rep proteins 
from the packaging plasmids described to date. Each of these 

25 problems appears to relate to the biological activities of 
the AAV Rep proteins. In addition, and as noted above, all 
of the packaging systems described above have the ability to 
generate wild-type AAV by recombination. 

The lack of cell lines stably expressing functional Rep 

30 apparently reflects a cytotoxic or cytostatic function of Rep 
as shown by the inhibition by Rep of jis&*resistant colony 
formation (Labow et al., 1987; Treape et al., 1991). This 
also appears to relate to the tendency of Rep to reverse the 
immortalized phenotype in cultiured cells, irtiich has made the 

35 production of cell lines stably expressing functional Rep 

extremely difficult. Several atteapts to generate cell lines 
expressing Rsp have been aade. Nendelson et al., (1988, 
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virology . 166:154-165} reported obtaining in one cell line 
sone 1 w level expr scion f AAV R p52 pr tein but no Rep78 
or R p68 pr tein after stable transfection f HeLa r 293 
cells vitb plasmids containing an AAV r p gene. Because f 
5 the absence of Rep78 and Rep68 proteins, vector could not be 
produced in the cell line. Another cell line luide a barely 
detectable aaount of. Rep78 which was nonfunctional. 

Vincent et al. (1990, Vaccinas 90 , Cold Spring Harbor 
Laboratory Press, pp. 353-359) atteapted to generate cell 

10 lines containing the AAV rep and cap genes expressed from the 
normal AAV promoters, but these attempts vere not successful 
either because the vectors vere contaminated with a 100-fold 
excess of vlld-type AAV particles or because the vectors vere 
produced at only very low titers of less than 4 x lo'. 

15 In an alternate approach, Lebkowski et al. (U.S. patent 

5,173,414, issued Dec. 22, 1992} constructed cell lines 
containing AAV vectors in an episomal plasmid. These cell 
lines could then be infected with adenovirus and transfected 
with the trans complementing AAV functions rep and cap to 

20 generate preparations of AAV vector. It is claimed that this 
allows higher titers of AAV stocks to be produced. However, 
in the examples shown, the only information relative to titer 
that is shown is that one human cell line, X562, could be 
transduced at efficiencies of onXy 1% or less, which does not 

25 indicate high titer production of any AAV vector. In this 
system the vector is carried as an episomal (unintegrated 
construct) , and it is stated that integrated copies of the 
vector are not preferred. 

The approach to packaging of AAV vectors described by 

30 Lebkowski et al., 1992, has several undesirable aspects. 

First, maintaining the vector as an unintegrated, high copy 
number episomal plasmid in a cell line is not desirable 
because the copy number per cell cannot be rigorously 
controlled and episomal DNA is much more likely to undergo 

35 rearrangeinent leading to production of defective vectors. 
Secondly, in this system, the vector must still be packaged 
by infecting the cell line with adenovirus and introducing a 
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plarald c ntaining the AAV rep and cap genes. The plasaid 
used by Lehkovski et al., 1992, again was pBal which, as 
n ted above, has verlapping h n logy with the vect r ITR 
sequences and will result in generation f vild-type AAV« 
5 Third I in the pBal packaging plasmid used by Lebkowski et 

al., 1988, 1992, the rep gene is expressed off its homologous 
P5 proBoter and is thus negatively autoregulated and 
therefore rep expression is likely to be liaited. 

The problem of suboptimal levels of rep expression after 

10 plasmid transfection may relate to another biological 

activity of these proteins. There is evidence (Tratschin et 
al., 1986, MqI, Cell. Biol, 6:2884-2894} that AAV-Rep 
proteins dovn-regulate their own expression from the AAV-P5 
promoter which has been used in all of the previously 

15 described packaging constructs such as pAAV/Ad (Samulski et 
al., 1989) or pBal (Lebkowski et al., 1988, 1992). 

SUMMARY OF THE INVENTION 
One of the basic challenges for gene therapy has been 

20 the development of strategies for transduction of cells and 
tissues which cannot be easily manipulated ex vivo or which 
are not actively dividing. AAV vectors can achieve in vivo 
gene transfer in the respiratory tract, for example, but high 
titers are critical so as to allow for the delivery ot 

25 sufficiently high multiplicity of vector in as small a volume 
as possible. This makes optimal packaging methodology of 
central importance in determining the feasibility of an AAV- 
based gene therapy. Stable, helper-free AAV packaging cell 
lines have been elusive, mainly due to the activities of Rep 

30 protein, which doim-regulates its own expression and reverses 
cellular immortalisation. The approaches described in this 
invention effectively circumvent these problems and have 
allowed for substantial improvements in packaging efficiency. 
The use of an HIV-LTR promoter to express high levels of 

35 AAV-Rep proteins has been reported elsewhere (Antoni et al., 
1991) , but the application of this expression system to 
packaging of recombinant AAV vectors is a new development. 
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Zn fact, it has n t been pr viously den nstrated that th« 
levels of Rep express! n are Halting in the co^transfaeti n 
AAV-vect r packaging process. The fact that a 10-fold 
increase in packaging titer was achieved by increasing Bep 
5 expressipn provides direct evidence that levels of Rep are 
liaiting in this circunstance. The fact that pARtat co- 
transf action did not. further increase the efficiency of 
packaging aay indicate either that (1) the level of 
expression froa the HIV promoter in 2»3 cells vas aaxiaised 

10 even in the absence of tat or (2) that the levels of Rep 

achieved with pRS5 alone were sufficient to ensure that Rep 
expression was no longer limiting for packaging efficiency. 
It would now be obvious that other non-AXV promoters can be 
used to generate Rep in packaging plasmids analogous to pRSS. 

15 Likewise, the phenomenon of rescue of integrated 

recombinant AAV genomes is known (Tratschin et al., 1985; 
Flotte et al., 1993a), but has never before been applied to 
produce a vector-producing cell line as has been described 
here. 

20 The overall packaging efficiency of the pRS5-vector cell 

line system was at least 10* particles per packaging cell, 
which will be more than sufficient to allow for the 
production of clinical grade AAV recombinant vector reagents. 
Wild-type AAV generation has not been observed with this 

25 method, which is an additional advantage over most co- 

transfection methods. These improvements render feasible the 
production of clinical grade AAV recombinant vectors for use 
in gene therapy. 

Described herein are procedures and constructs which 
30 allow the production of high titers of AAV vectors in the 
absence of the generation of wild-type AAV. 

Accordingly, one embodiment of the invention is a 
process for the generation of high titers of AAV recombinant 
vectors comprising: 

(A) providing cells containing at. least one intact copy 
of a stably integrated recombinant AAV vector^ wherein the 
AAV vector is comprised of AAV inverted terminal repeat (TtR) 
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r 9i ns and a transcription pron ter perably linked to a 
target polynucle tide, and wherein the eaqpreesi n f the rep 
gene is limiting in said cells; 

(b) pr viding an AAV packaging plasaid that allovs 
5 expression of the product of the rep gene, vherein in the 
plasmid the rep gene is operably linked, to a heterologous 
promoter, and vherein the packaging plasaid lacks overlapping 
homology vith AAV sequences in the vector in the cell 
. provided in (a) ; 
10 (c) inserting the AAV packaging plasmid into the cell 

and incubating the cell under conditions that allow 
replication of AAV; and 

(d) isolating recombinant AAV vectors produced in step 

(c)- 

15 Included within this embodiment are processes wherein 

the promoter in the packaging plasmid to which Rep is 
operably linked is HIV-LTR, and within those processes 
wherein the packaging plasmid is pRS5. 

Also included within this embodiment are processes 

20 wherein the target polynucleotide encodes a polypeptide that 
can function as a cystic fibrosis transmembrane conductance 
regulator (CFTR) • 

Another embodiment of the invention is a 
packaging system for the generation of high titers of AAV 

25 recombinant vectors comprising: 

(a) cells containing at least one intact copy of a 
stably integrated recombinant AAV vector, wherein the AAV 
vector is comprised of AAV inverted terminal repeat (ITR) 
regions and a transcription promoter operably linked to a 

30 target polynucleotide, and wherein the expression of the rep 
gene is limiting in said cells; and 

(b) an AAV packaging plasmid that allows expression of 
the product of the rep gene, i^erein in the plasmid the rep 
gene is operably linked to a heterologous promoter, and 

35 wherein the packaging plasmid lacks overlapping homology with 
AAV sequences in the vector in the cell provided in (a) • 
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Stlll an ther eabodiaient of tho Inventl n Is a packaging 
plasald for usa In tha production f tha ganarati n of high 
titers f AAV rec nblnant vectors that all vs expression of 
the product of the r p gene, wherein the plasald is cos^risad 
5 of rep gisne operably linked to a heterologous proaoter. 



BRIEF .DESCRIPTION OF THE FIGURES 
Figure 1 is a diagran of tha AAV life cycle. 
Figure 2 is a scheae shoving the production of tha 
10 packaging plasaid pRS5, and the relationship of the HIVl-LTR 
promoter and the coding sequence of AAV2 rep and cap genes* 
Figure 3 is a half-tone reproduction of Southern blots 
of Hirt extraction DNA sanples that shows rescuable intact 
AAV-neo genomes present in stable cell lines. 
15 Figure 4 is a half-tone reproduction of dot-blot 

hybridizations comparing the detection of neo in control and 
packaged AAV-neo genomes. 

Figure 5 is a half*tone reproduction of Southern blots 
of Hirt extraction DNA samples that shows rescue of the AAV 
20 CFTR vector (TRF42) from 293 cell vector producing clones. 

Figure 6 is a graph of the percentage of lung carcinoma 
cells stained for the CD44 marker, as determined by antibody 
staining and FACS analysis. 

25 

DETAILED DESCRIPTION OF THE INVENTION 
AAV vectors have relevance for human gene therapy, 
particularly for diseases such as cystic fibrosis and sickle 
cell anemia. The invention described herein provides methods 
30 and materials for use in the production of high titers of 
recombinant AAV vectors for use in gene therapy. 

The practice of the present invention will employ, 
unless otherwise indicated, conventional techniques of 
molecular biology, microbiology, recombinant DNA, and 
35 Immunology, which are within the skill of the art. Such 

techniques are explained fully in the literature. £££ a.g., 
Sambrook, Fritsch, and Maniatis, Molecular cloning; A 
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Laberaterv Manual . Second Edition (1989), Qligonnelftei^ida 
Sv»theBifl (M.J. Gait Ed., 1984), Aniaal Call Culture (R.Z. 
Fr ahney, Ed., 1987), the eeri e 4t^odg in Engyneleoy 
(Academic Press, Inc.); Gane Transfer Vectors for Mamalian 
5 £fill£ (J.^M. Miller and H.P. Calos^ids. 1987), Handbook of 
Experimental TmnunQloav. (D.M. Weir and CO. Blackvell, 
Eds.), Current Protocols in Molecular Biology (P.M. Ausiibel, 
R. Brent, R.E. Kingston, D.D. Moore, J. 6. Siedman, J.A. 
Smith, and K. struhl, eds., 1987), and Current Protocols in 
10 Immunology (J.E. Coligan, A.M. Xruisbeek, D.B. Margulies, 
E.N. Shevach and W. Strober, eds., 1991). All patents, 
patent applications, and publications mentioned herein, both 
supra and infra, are hereby incorporated herein by reference. 

15 The generation of high titers of recombinant AAV vectors 

comprised of heterologous polynucleotides that require 
transcription is accomplished by the following method. 

In the method cloned cells that contain a suitable AAV 
vector plasmid are provided. The AAV vector plasmid is 

20 comprised of the AAV ITR regions and a transcription promoter 
operably linked to a target polynucleotide. The 
transcription promoter that is linked to the target 
polynucleotide allows the formation of transcripts, and 
includes, for example, non-AAV promoters as veil as AAV 

25 promoters such as p,, P|,, P40, and AAV ITR promoters. The 
transcription and/or translation products of the target 
polynucleotide are of use, preferably in gene therapy. Thus, 
target polynucleotides include genes to be delivered for gene 
therapy, for example, those encoding subunit chains of 

30 hemoglobin, enzymes, proteins such as the cystic fibrosis 
transmembrane conductance regulator (CFTR) , and the like. 
Target polynucleotides may also be polynucleotides that when 
transcribed have activity as anti^sense molecules, as decoys 
that bind to transcription or translation factors, as 

35 ribozymes, and the like. 

A reqpiisite feattire of the cloned cells provided for the 
method is that they contain at least one intact copy of the 
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AXV vact r plasaid that is stably integratsd int the call 
and that can b r scued by infeeti n f ths transf cted call 
with a helper virus such as aden virus vhan c aple&entary AAV 
rep or rep and cap functi ns are als pr vided. 
5 In the examples shown infra va have used an AXVneo 

vector in %^ich the Initial selection of the cell line 
containing the vector was performed by geneticin selection. 
However, it would be obvious to one of skill in the art that 
to generate cell lines containing a vector, sudh as an AAV 

10 vector containing a CPTR gene, in which there is no selective 
marker included, it is straightforward to transf ect the cells 
jointly with the desired vector plasmid and a second plasmid 
containing the selective marker* Following selection of cell 
clones on the basis of the selective marker, it would be 

15 obvious to use direct screening to readily identify those 
from which a vector can be rescued at high titer. One 
example of this is reported by Flotte et al. (1993a) , 
although in that example the cells were rescued by infection 
with AAV virus and adenovirus. As recorded in Flotte et al. 

20 (1993a), producer cell lines containing a rescuable AAV 

vector that did not contain a selectable marker in the vector 
could also be obtained. In that example, the AAV vector 
plasmids coiqdrised constructs containing the human CFTR cDNA 
operably linked to an AAV promoter comprised of the ITR. 

25 cell lines containing stably Integrated copies of these 
vectors were derived by co-transfection of the human 
epithelial cell line lB-3 with the AAV-CFTR vector plasmid 
and a second plasmid containing the selectable marker neo. 
After selection of colonies in geneticin, individual clones 

30 were obtained that contained the stably integrated vector 
from which the vector could be rescued by subsequent 
infection with helper adenovirus and wild-type AAV particles. 
This clearly enables the generation of clones having stably 
integrated copies of a vector in y/hLth the vector itself does 

35 not have a selectable marker. 

The method also includes providing a complementing 
packaging plasmid from which Rep or Rep and Cap proteins can 
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be express d f r a r p r r p and cap genes. The packaging 
plasaid lacks verlapping homology with sequences In the 
vect r between and including the AAV ITR sequences. 
M reover, the combination f the packaging plasmid and vect r 
5 cannot yield a complete AAV genome. In the example shovn 
belov, sequences of 120 nucleotides in length around the AAV 
P5 promoter are absent from both the packaging plasmid and 
the vector. In addition, in the packaging plasmid the rep 
gene is not transcribed from the AAV Pj promoter, but rather 

10 is operably linked to a heterologous transcription promoter 
that is not strongly autoregulated in a negative fashion by 
expression from rep. 

In the preferred example of a packaging plasmid, such as 
shown by pRSS, we have used the HIV*LTR as the heterologous 

15 promoter but any heterologous promoter, and preferably a 

constitutive or inducible promoter may be used. The HIV-LTR 
is an example of both types of promoter. Generally, this 
promoter is inducible to a very hi^ level of expression by 
the action of the tat protein. However, in the preferred 

20 example shown here, the HIV-LTR promoter shows high levels of 
constitutive expression of rep when used in 293 cells. This 
is because 293 cells express the adenovirus EIA gene product 
which is known to transact ivate the HIV-LTR promoter. Thus, 
in 293 cells (which are preferred. cell line for establishing 

25 vector containing cells) the additional transactivation of 

the HIV-LTR promoter in pRSS may not be necessary to obtain a 
maximum level of functional rep expression. If vector* 
producing cells lines are made in other cells, then 
transactivation of pRSS, by addition of a tat expression 

30 plasmid such as pARtat (Antoni et al. 1991) may be desirable. 
Such cell lines might include any human cell lines such as 
HeLa, A549, KB, Detroit, HI38 or any cell lines in which 
appropriate helper functions can be expressed. Vhen using 
human adenovirus as a helper, this might also include the 

35 monkey desired cell line, VERO. Alternatively, if 

herpesviruses or poxviruses such as vaccinia or avipox are 
used to provide helper function, then any appropriate human. 
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rodent r siaian c 11 line nay suffice as th vect r- 
produclng cell. 

The pRSS packaging plasmid seirves as a aodel f either 
an induclbl or const itutiv proaoter. Zt would be bvi us 
5 to anyone skilled in the art that aany other inducible or 
constitutive proaoter aay be used in a packaging plasaid 
construct. The priaary feature of the packaging plasaid is 
that it not contain the vild-type AAV pj proaoter and 
. therefore is not strongly negatively autoregulated by rep. 

10 Exaaples of other such proaoters vould be autations of the 
wild-type P5 proaoter that reaove hoaology with the parent 
wild-type proaoter or that inactivate negative regulatory 
elements of this proaoter such as the YYI region of the pj 
proaoter. Exaaples of inducible proaoters include: aetal ion 

15 inducible proaoters such as the aetallothionein proaoter; 
steroid horaone inducible proaoters such as the MMTV 
proaoter; or the grot/th horaone proaoter; proaoters which 
would be inducible by the helper virus such as adenovirus 
early gene proaoter inducible by adenovirus ElA protein, or 

20 the adenovirus aajor late proaoter; herpesvirus proaoter 
inducible by herpesvirus proteins such as VP16 or 1CP4 or 
vaccinia or poxvirus inducible proaoters or proaoters 
inducible by a pox virus RNA polyaerase or a bacterial 
proaoter such as that froa T7 phage which would be inducible 

25 by a pox virus RNA polyaerase or a bacterial proaoter such as 
that froa T7 RNA polyaerase. 

There are aany strong constitutive proaoters that will 
be suitable for use as the heterologous proaoter for rep 
expression in the packaging plasaid, including the adenovirus 

30 aajor later proaoter, the cytoaegalovirus inaediate early 
proaoter, the fi action proaoter, or the fi globin promoter. 
Proaoters activated by RNA polyaerase ZZZ could also be used. 

The efficacy of the packaging plasaid for 
coapleaentation of the Rep and Cap functions for packaging 

35 the AAV vector plasaid can be tested using AAV expression 
vectors that lack the Rep and/ or Cap function, and in 
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additi n contain a Barker. Such expraesi n v et rs ara knovn 
in th art, and include, f r exaaple, the pKkVp^ o conatruct 
(Flotte at al., 1993). In th Exaapl s the pAAVp^ne was 
used as a vector construct for testing each of the packaging 
5 techniques described since it could be titered both for 

particle number by DNA dot-blot (Saaulski, et al., 1989) and 
by nco -transducina titers. 

The packaging plasaid is introduced into cells 
containing the integrated AAV vector plasmid by any suitable 

10 technique knovn in the art, including, for exaaple, 
transfection, electroporation, and the like. After 
introduction of the packaging plasmid, the cells are grown 
for 3 to 5 days under conditions that allov replication of 
AAV, lysates are prepared, and the recombinant AAV vector 

15 particles are purified by techniques knovn in the art. 

The examples presented belov are provided as a further 
guide to the practitioner of ordinary skill in the art, and 
are not to be construed as limiting the invention in any vay. 



20 The plasmid pRS5 in the S. coli DH5 cell line {E. 

colixzpRSS strain) vas deposited on November 9, 1993 vith the 
American Type Culture Collection (ATCC) , 12301 Parklavn Dr., 
Rockville, Haryland 20852, and has been assigned the 
Accession Number 69483. The deposit vas made under the 

25 terms of the Budapest Treaty. Upon allovance and issuance of 
this application as a United States Patent, all restriction 
on availability of the deposit vill be irrevocably removed; 
and access to the designated deposits vill be available 
during pendency of the above'-named application to one 

30 determined by the Commissioner to be entitled thereto under 
37 CFR S 1*14 and 35 USC S 1*22. Moreover, the designated 
deposits vill be maintained for a period of thirty (30) years 
from the date of deposit, or for five (5) years after the 
last request for the deposit; or for the enforceable life of 

35 the U.S. patent, vhichever is longer. The deposited 

materials mentioned herein are intended for convenience only, 
and are not required to practice the present invention in 
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viev of the descriptions herein, and in addition these 
aaterials are incorp rated herein toy reference. 

EXAMPLES 

5 

Example 1 
Paekaoina Plaainid oRSS 
In packaging plasnid pRS5 the AAV pj promoter is 
replaced by a heterologous pronoter so that expression of the 
10 rep gene polypeptide does not negatively autoregulate its own 
synthesis. 

The plasmid pRS5 was constructed by ligating the large 
(5 kb) Hindlll to SphI fragment of the previously-described 
pHIVrep (Antoni et al., J, Virol. , 65:396-404} plasmid 

15 (containing the HIV^LTR promoter and rep-oene sequences 
including AAV nucleotides 263 to 1886 flanked by pBR322 
plasnid sequence) with the Hindlll to SphI fragment from a 
plasmid called pcapl (containing the AAV fiofi gene from 
nucleotides 1886 to 4491 without the AAV-ITR again flanked by 

20 pBR322 sequences) (see Fig. 2). After ligation of these two 
fragments a packaging plasmid, pRS5, was produced in vhich 
the AAV-*ce£ gene (Rep 68 and 78 proteins) is transcribed from 
the RIV-LTR promoter with the internal AAV Pi, and P40 
promoters transcribing the smaller Rep products (40 kD and 52 

25 kD Rep proteins) and the capsid proteins, respectively. Thus 
pRS5 contains the entire AAV coding sequence within the AAV 
nucleotide sequence from nucleotide 263 to 4491 which 
includes the rep coding secpience for Rep 78 and Rep 68 
operably linked to the heterologous HIV-LTR promoter and 

30 expresses Rep 52 and Rep 40 from the AAV p^ promoter and the 
AAV capsid proteins from the P40 promoter* The -map of this 
construct is shown in Figure 1. 

The pAAVpfneo construct (Flotte et al., 1992) was used 
as a vector construct for testing each of the padcaging 

35 techniques described since it could be titered both for 

particle number by DHA dot-blot (Samulski, et al., 1989) and 
by nfifi-transducing titers. 
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cell LlnM 

Himan 293-31 calls (Graham at al., 1967, J> can, virol,, 
5 36:59-72) vera grown in Eagla'a Modified Bsaantial Mediua 
vltb 10* fatal calf sarun at 37«C in 5% OO,. nie 293 call 
line was used for both packaging of vector preparations and 
for nfifi transduction experiments to verify the Sfifi* 
transducing titers. 

10 

Example 3 
Packaging of AAV virions 
with an HIV-LTR promctar^rep gene nlasnid 
The pRS5 construct was used to package the pAAVpjneo 
15 vector plasmid by co-transfection into adenovirus type 5 

(Ad5) -infected 293 cells (Flotte et al., 1992), A total of 
ten 10-cm dishes each containing 2 x 10^ 293 cells (semi- 
confluent) were infected with 2 x 10* p.f .u. of Ad5 
(m.o.i.«l) 1 hr prior to transfection with 12.5 §ig each of 
20 pRS5 and pAAVpjneo. Cells were then incubated for 3 days at 
37 •€ prior to harvesting. Cells were then scraped and pooled 
by low-speed centrifugation (4000 rpm x 10 min) . 

The cell pellet was then resuspended in 4 ml of 10 mM 
Tris*HCl, pH 8.0, lysed by threefold freeze-thaw, pushed 
25 through a 25 g needle several times to decrease viscosity, 
and treated with micrococcal nuclease (40 $il of 300 §i/iil 
stock, incubated at 37 •C x 20 min., and then at 4*C for 10 
min. Csci was then added to a final density of 1.41 g/cc. 
Each tube was overlaid with 0.5 to 1.0 ml mineral oil and 
30 centrifuged in a swinging bucket rotor (SH50) at 35,000 rpm 
at 4*C for 12 hr. 

Serial 0.5 ml fractions were then collected and each was 
titered by DNA dot-blot hybridization (Samulski et aX., 
1989), vitb 10-fold dilutions of each fraction blotted onto 
35 nitrocellulose filters and hybridized with a "^-labeled WA 
probe prepared from a 2.3 }cb neo gene fragment using the 
Boehringer Mannheim random-priming kit. The selected 
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fracti ns vere then dlalyzed against Ringar'a balanced salt 
m lution, lA 7.4, and saved at -20*C for'vse in transducing 
titer experiaents. 

5 ExanBle 4 

Determination of tranaducina tltcyg 
of AAV>neo vector stocks 
AAV-neo vector stocks produced as outlined above vere 
titered in 293-31 cells by infecting 293-31 cells at 10-fold 

10 increasing particle multiplicities ranging froa 10 to 1000 
particles per cell. In each case cells vere seeded into 
microtiter wells at 10^ cells per veil, and then infected for 
2 hr by direct inoculation of vector into the nediua. The 
cells from each well vere then trypslnlzed 24 hr later and 

15 plated onto 4-100 sun dishes. Three dishes of each set vere 
then selected in G418 at a dose of 200 Mg/al (active, 
beginning at 48 hr after the original infection) • The fourth 
dish of each set vas grown vithout G418 as a control for 
plating efficiency. Cells vere selected for 10 to 14 days, 

20 and then stained vith Safranin Red. Geneticin-resistant 
colonies were counted and a transduction frecjuency vas 
determined by dividing the mean number of gene colonies in 
each set by the number of colonies seen in the plating 
efficiency control plate. A tr.ansducing unit (t.u.) in this 

25 assay vas then defined as that volume of inoculum per cell 
required to transduce 63% of cells to genet icin resistance. 

FxaTnpl? g 

Improvement of co-transfection AAV-vector paekaoino bv 
30 using an HIV>LTR oroinoter expression vector 

In Table l (experiments 1 to 3) are sho%fn the results of 
DNA dot-blot titrations of AAV-*neo particle preparations 
produced the previously established pAAV/Ad co- 
transf action technique and a parallel pRSS co-transf action. 
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Tabl* &. Vaxtlels Titar f JAT ▼•ot r Vraparati na 



Sxpt 
# 




Vmctov ProdnetiflA 
Itotbod* 


Vacter Partiela Sitax^ 




ciiXls 


Dm Transf actad 


Titar 






V«etor 
Plasaid 


Packaging 
Placmid 


(particlaa/Bl) 


1 


293 


PSA206 




4.0 X 10* 


2 


293 


PSA206 


pMS 


3.0 X 10** 


3 


293 


PSA206 


pRSS *f 
pMtat 


4.0 X lO** 


4 


nao4-6 




RS5 


2.6 X 10" 



10 



15 



20 



25 



30 



The vector preparations were derived as follows. All 
the vector preparations represent the AAVneo vector 
derived from the vector plasmid pAAVp5neo (pSA206) • In 
experiments 1, 2, and 3 the vector prejmration was 
derived by infection of 293 cells with adenovirus as 
helper and co-infection of the infected cells with th 
vector plasmid pAAVpjneo (pSA206} and the packaging 
plasmid which was either pAAV/Ad, pRS5 or pHS5 plus 
pAHtat as indicated. In experiment 4 the vector was 
obtained by rescue of an integrated vector from the 
cell line neo4-6 by transf action of the cell line with 
the packaging plasmid pRS5 in the presence of an 
infecting adenovirus5 as the helper* TtiB cell line 
neo4*6 was derived by transfection of 293 cells with 
the vector plasmid pAAVpsneo (pSA206} and selection 
with the antibiotic G418 (geneticin) for geneticin 
resistance. All the vector preparations were purified 
by banding in CsCl. 

The purified vector preparations were assayed to 
determine the particle titer by dot-blot assay. 
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Tfa results in Tabls l shov that titers achieved 
with the pRS5 construct Introduced by co-transf ecti n 
(experiment 4) were appr xloately flv to ten-f Id higher 
than those btained using th pAAV/Ad pac)caglng plasnld. The 
5 addition, of the HIV trans-activator of transcription (tat) 
gene by plasmld trl-transf action resulted In very little 
additional packaging efficiency. In the experiment displayed 
in Figure 3, there vas only a 30% Increase in the particle 
titer of the maxinal-tlter fraction, from 3.0 x 10^ vlth pRS5 
10 alone to 4.0 x 10>^ vlth pRSS pARtat. Based on these 
results, it seemed likely that the levels of rep and £aB 
expression were no longer limiting In this technique. 

The experiment In Figure 3 vas performed as 

follows. 

15 

EXftinpl^ g 

R?ffffvg Qt Int^rt MY-ngQ qgnom^g 
present in pt^bie g^u lingg 

20 In this example, a culture of 2 x 10^ human 293 

cells vas transfected vlth 5 micrograms of the AAV vector 
plasmld pAAVpjheo (pSA206)« Individual colonies were 
selected for geneticln resistance using 200 micrograms of 
active G418 (Gibco-BRL) per ml of medium, beginning 48 hr 

25 after transf ection. Individual G-4 18 -resistant colonies were 
isolated vlth sterile cloning cylinders and expanded into 
stable cell lines. From several of these cell lines, 2 x 10^ 
cells vere infected vlth both adenovirus type 5 (mol-2) and 
vild type AAV2 (mol82} • Forty-eight hr later, low molecular 

30 veight DNA vas selected using the Hirt high salt-detergent 
procedure and analyzed by 0.7% agarose gel electrophoresis 
and Southern blotting vlth a random-primed ''P-labelled nao 
DNA probe. The results of the Southern blot hybridization of 
Rlrt-extracted DNA is shovn in Figxire 3. 

35 The Figure shovs that from 7 to 8 individual 

cell lines examined (tracks A through G) , the vector sequence 
could be rescued and replicated. Track H shovs an example of 
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one geneticin-reslstant cell line from vhich the vector could 

not be r ecued. 

The expected intracellular replicating species f 
the vector genomes (RF& £ r son mer duplex r plicating t vm 
5 and RFd for duplex dimer replicating term) and the progeny 
single-strand genones (SS) are indicated. In at least 6 of 
the 8 examples (tracks A through D and Tracks F and 6) 
unrearranged copies of the vector were rescued. 

10 EXflWPlg 7 

The use of cell line s vith integrated rescuable 
AAV vector improves packaging eff IciencY 
After improving the expression of AAV-£fiB and sab 
genes vith the pRSS construct, we sought to further iaqprove 

15 the efficiency of packaging by producing uniform cell 

populations containing integrated but rescuable copies of the 
AAV-heo vector genome. The combination of pRS5 transf action 
of csB and vith the stable addition of the pAAVpsneo 
vector to the cell lines resulted in a significant 

20 improvement in packaging efficiency. 

Cell lines produced by transfecting AAV-psneo by 
infecting vith both vild-type AAV2 and Ad5 at an m.o.i. of 5 
for each virus. Hirt extraction vas used to isolate 
replicating viral DNA, and these DNA samples vera analysed to 

25 electrophoresis and Southern blot hybridization using a 

labeled neo probe. As shovn in Figiire 3, rescuable AAV-neo 
recombinants vera present in nearly all of these cell lines. 
The pattern of bands, as expected, included single strands 
(fuzzy band near bottom of gel), duplex monomer of 2.7 kb 

30 size, dimer of 5.4 kb, larger multimeric forms. 

Tvo cell lines made in a similar fashion and 
designated neo4-6 and neo4-9 vera constructed and used for 
subsequent packaging experiments. A direct comparison vas 
made betveen co-trans feet ion of pRS5 and pAAVpsneo into 293 

35 cells and single transf cction of pRS5 into either the neo4-6 
or neo4-9 cell lines. As shovn in Table 1, the neo4-6 cell 
line produced titers of packaged AAV-neo that vere 2.6 x 10". 
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This particle titer represent d a severalf Id iaproveaent 
over tb 293 cell co-transfecti n nethod, and yielded the 
higheat titers f any aethod r combination of nethods used. 
The total particl titer f n ar 2.6 x lO" particles %ras 
5 achieved. beginning with 2 x lO'' cells and so represents a 
yield of 10^ particles per cell. 

The assays above are all based on a DNA/dot-blot 
technique which could theoretically also detect copies of 
AAV-neo genomes vhich had not been packaged into AAV 

10 particles. The results of two types of control esqperiments 
excluded that possibility. First, AAVpsneo and pRS5 plasmids 
were co-transfected into 293 cells as previously, but in the 
absence of Ad5 infection. Lysates of these cells were 
treated as with any of the other preparations mentioned 

15 above. As shown in Figure 4, control dot*-blot hybridizations 
indicated that the neo signals reflected packaged AAV-neo 
genomes. 

The DNA dot-blot hybridization was performed as 
follows: Beginning with 50 microliters of each fraction, 

20 five 10-fold serial dilutions were performed in PBS. To lyse 
the virions, l/io volume (5 m1) of 3 N NaOH was added, and 
the mixture was incubated at 65«C for I hr. An equal volume . 
(50 Ml) of 2 M im^OAc, pH 7.0, was added, and the total 100 
Ml volume was transferred onto 0.45 tm nylon filters with a 

25 Schleicher and Schuell Minifold I microsample filtration 
manifold. These filters were then hybridized with random- 
primed '^P-labelled neo DNA probes under standard conditions. 

Serial 10-fold dilutions of control stocks 
prepared as described were compared with dilutions of an AAV- 

30 neo stock prepared by pRS5 transfection of the neo4-9 cell 
line after adenovirus infection (shown in column A) • Column 
B shows pRS5 transfection of the neo4-9 cell line without 
adenovirus infection. Column C shows adenovirus infection f 
neo 4-6 cell line without pRS5 transfection. Column D sho«rs 

35 adenovirus infection of pSA206-transfected 293 cells without 
pRS5 co-transf action. In no case did the carried-over cell 
or plasmid DNA give a significant nsfi signal. The results in 
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Figure 4 0b V that no d tectable AAV-ne signal vas prasent 
in the DHA/d t-bl t hybridizati n froa that experinent, 
indicating clearly that plasaid DNA %ms n t pr sent in these 

purified preparations. 

5 ..A direct coaparison vas then perfomed of the 

transducing titer of the AAV^-neo vector stocks produced in 
the dual plasaid transf ection system or by the rescue of 
vector from stable lines. As indicated in Table 2, the 
transduction frequency obtained with an equivalent nunber of 

10 vector particles produced in either systea vas similar. This 
indicates that the vector particles generated by rescue of 
the vector from stable cell lines vere of equal biological 
efficiency and transducing potential as those produced in the 
dual transf action. Thus« the vectors rescued from cell lines 

15 did not have any significant biological alterations. 



Table 2. Biological Bquivaleaoe of AAV-neo Veotor 
VreparatioBS.* 



1 Vector 

Preparation^ 


Particle 

Multiplicity* 


Pereeat 

Transduced' 


neo4-6 


10 particles /cell 


23.1% 


1 neo4->9 


10 particles/cell 


44.4% 


1 pRS5 trf 


10 particles /cell 


32.9% 


1 pRS5+tat 


10 particles/cell 


23.7% 



* The transduction efficiency of several AAV-neo vector 

preparations vas compared in the 293 cell line. 

30 ^ The vector preparations vere derived as follovs: All 

the vector preparations represent the AAVpjneo vector 
derived from the vector plasmid pAAVp^neo. The 
preparations designated neo4-6 and neo4-9 vere 
obtained by rescue of an integrated vector from the 

35 cell lines 4-6 or 4-9 by transfection of the cell line 
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vlth th packaging plasnld pRSS in the presence of an 
Inf cting adenovirusS as the helper. The cell lines 
4-6 and 4-9 ver derived by transf cti n f 293 cells 
with th vect r plasnid pAAVp^n and s lection vith 
5 the antibiotic 6418 ( genet icin) for genet icin 

resistance. 

The vector preparation designated pRS5 trf was 
derived by direct co*transf action of 293 cells vith 
the vector plasaid pAAVpjneo and the packaging plasaid 

10 pRSS in the presence of an infecting adenovirusS as 

the helper. The vector preparation pRS-i-tat was also 
obtained by direct transfection exactly as for pRSS 
trf except that the co*transfection also included the 
plasaid pARtat, which expresses the HIV tat 

15 transcriptional activator. 

• cultures of 10^ 293 cells were infected with 10^ 

particles of AAV-neo vector preparations. Thus, each 
vector preparation was used to infect the 293 cells at 
20 a aultiplicity of 10 vector particle per cell. 

' The infected cultures were then grovm under conditions 

to select genet icin-resistant colonies. The percent 
of 293 cells stably transduced to geneticin resistance 
25 (i«e., the transduction frequency) was calculated as 

the number of genet icin-resistant colonies from the 
individual culture divided by the number of colonies 
obtained in a control culture not treated vith 
geneticin. 

30 

The above results indicate that the combined 
modifications described here can yield increases in vector 
titers of approximately 50- to 100-fold. Also, as compared 
vith the previously published reports (e.g., Samulski et al., 
35 1989), this procedure can give vector particle titers of at 
least 2 X lb", %rtiich is three orders of magnitude higher than 
that previously attained from a similar number of cells 
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(i.e., himan 293 c lis grown in a t tal t tmn 10-ca call 
culture dishes) • 

5 Pag^aqinq 9f AftY Ywt9r§ enggdinq CfTR 

An AAV-CFTR vector, pTRF42, containing the CFTR 
cDNA expressed from an AAV ITR as the pronoter in the absence 
of a selectable Barker was used to generate stable vector 
producer lines in the 293 cell line by co-transfeetion with a 

10 pSVneo plasnid. This vector was rescuable fron the stable 
cell lines, and the rescued vector was intact and 
unrearranged. 

The construction of pTRF42 has been described 
(Flotte et al* 1993a, J. Biol, Chem, 2«8:3781-3790) • This 

15 construct contains an AAV*CFTR vector consisting of 145 

nucleotides of the AAV 5' end (the ITR) followed by an in- 
frame ATG (Met) initiation codon, reading directly into the 
CFTR coding sequence from amino acid 1119. The remainder of 
the CFTR cDNA is intact down through the native termination 

20 codon and up to nucleotide 4629 of the original sequence. 
This is followed by a synthetic polyadenylation signal, and 
then by AAV nucleotides 4490-4681 (3' ITR). Four micrograms 
of this vector was co-transfected with one microgram of the 
pSV2neo plasmid, into 2 x 10* human 293 cells, which were 

25 then selected with 200 )ig of active 6-418 beginning 48 hr 

after transf ection. G-418-resistant clones were then isolated 
with cloning cylinders and expanded. Clones were analyzed by 
rescue with combined wild-type AAV2 and Ad5 infection (moi»2 
for each) as had been done for the neo-vector containing 

30 lines. The low molecular weight DMA (Hirt) extracts were 
again analysed by 0.7% agarose gel electrophoresis and 
Southern blotting with a random«*primed ^-labelled CFTR CDMA 
probe. Once again, the cell lines were found to have 
rescuable, intact vector sequences of the sizes predicted for 

35 monomer and dimer replicating forms (RF) , namely 4.6 and 9.2 
Icb, respectively. This confirmed the utility of the approach 
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Utilizing rescuable vector-containing cell lines vith the 
clinically significant example of an AAV-CRR vector. 

The principles and teachings described above have 
5 been applied to produce additional illustrations of the 
present invention, some of vhich are described below, that 
further demonstrate the usefulness of the present invention. 



Example 9 

10 Integration of the lacZ oene into Lung Airvav Eplthftliim 

The in vivo activity of vectors packaged by the 
preceding methods was tested using the lacZ gene vhich 
encodes an enzyme vith ^-galactosidase activity. The 
AAVpjlacZ vector vas made by digesting the pAAVp^neo construct 

15 vith Rindlll and BamHI and ligating the large fragment 

(containing the AAV ITRs flanking the AAVp, promoter and a 
synthetic polyadenylation sequence) vith a Hindlll to BamHI 
fragment from pSVBgal containing the coli lacZ gene. This 
initial construct vas then modified by digestion vith Hindlll 

20 and Kpnl, blunting vith T4 polymerase (Boehringer Mannheim), 
and religation of the large fragment. This final 
manipulation alloved for the removal of an intervening * 
segment of sequence containing four AT6 codons out of frame 
vith the lacZ coding sequence. The vector vas then packaged 

25 using the pRS5 plasmid as described above. 

Aliquots of packaged AAVp5lacZ containing 10^® 
particles in 0.2 to 0.5 ml vere administered by 
intraperitoneal injection into three veanling C57BL mice. 
Aliquots of the same vehicle solution against ^ich the 

30 vector had been dialyzed vere injected into three additional 
mice vhich served as controls. The veight of these mice %ra8 
approximately 30 gm each, vith an estimated total body cell 
nximber of betveen 10* and 10* cells. The average vector dose 
per cell vas, therefore, betveen 10 and 100 particles per 

35 cell, depending on blood flov. Animals vere sacrificed four 
days later by pentobarbital overdose, and samples of 
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abdominal wall, lungs, liv r, spleen, kidn ys, and pancraas 
vara harvastad and f ixad in 2.5% glutaraldahyda. 

An in Bitu PGR assay vas perf mad n 5-nicr n 
parafin embedded tissue secti ns, using vect r-specific 
5 primers .and a non-radioactive digoxigenin-dDTPi anti- 

digoxigenin, alkaline phosphatase immunodetection aystem as 
previously described (Flotte et al., 1993). Primers vara 
selected from within the lacff sequence (5 '-primers 5'- 
ACAACTTTAAC6CCGTGCGCT-3'; 3 '-primer: 

10 5'T6GAGGAGCTC6TTATC6CTA-3'). After a hot-start at 82*0, a 
40-cycle PGR was performed with direct incorporation of 
digoxigenin- labeled dUTP (Doehringer Mannheim) in the 
reaction products, Digoxigenin-labeled nucleotides were then 
detected with an alkaline phosphatase-tagged anti-dlgoxigenin 

15 antibody (Genius III kit, Boehringer Mannheim) , and an 
immunohistochemical stain (NBT, X-phos) • 

Various tissue sections for vector- and control- 
injected mice were examined by light microscopy. The cells 
containing vector DNA were indicated by a dark purple-brown 

20 reaction product overlying the nucleus. Staining was clearly 
observed in sections from vector-injected mice, but not in 
those from controls. Vector DMA was detected in all cell 
types within the lungs, as well as in most hepatocytes and 
pancreatic acinar cells. After absorption via the 

25 lymphatics, vector particles would have entered the venous 
circulation and encountered the pulmonary circulation, which 
likely accounts for the very efficient gene transfer in the 
lung. After passing through the pulmonary into the systemic 
circulation, vector particles would likely have been 

30 distributed most effectively to other organs with high blood 
flow. 

Expr^ffgipn Pf the IflgZ gene In VivQ 
35 Serial sections of the same tissue samples used 

for the in situ PGR detection were stained for ^- 
' galactosidase activity with X-gal reagent (0.2%, 37«C, 16hr). 
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Sections fros nice Injected vlth AAVpjlacZ ver coBi>ared vlth 
those Injected with vehicle contr Is. N endogen us 6- 
galact sides activity was d t ctabl in contr 1 aniaals in 
sections taken from lung, spleen, liver, pancrsas, Icidney, or 
5 peritoneun. 

Sections of lung shoved lacZ expression in entire 
segments of airway epithelium of vector-injected aninals but 
not controls. In some of the airways, >75% of 200 cells 
examined were positively stained. J^proximately 25% of 
10 airways demonstrated this degree of positive staining (4 to 6 
airways examined per sections, one to two sections per 
animal) , while other regions of the lung had lower levels of 
expression. 

Spleen sections demonstrated /S-galactosidase 
15 activity in non-lymphoid areas of vector- injected animals, 
but not controls. Lymphoid follicles within the spleen were 
essentially negative. Infrequent staining was seen in non- 
epithelial cells within the lungs or in cells of the liver, 
abdominal wall, and kidneys of vector-treated animals, while 
20 no expression was detectable in the pancreas. 

The distribution of vector DNA, as detected by an 
in situ PGR assay, is compared with the distribution of jB- 
galactosidase activity in Table 3, as follows (n«3): (~) n 
staining, (+) X-gal stained cells <l%, (++) 1-25% staining, 
25 (+++) > 25% staining, (nd) not done. 
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TKBLM 3 
Tissue Distribution f laoS 
Qmnm Transfer and Bzpraasi a 





in aitu PCR 


X«*gal a^ainlag 


Lung (Airway) 






Lung 






SplMn (Mon-lymphoid) 






SplMn 
(Lynphold follielM) 


♦ 




Liv«r 


-M-f 


♦ 


Pancnag 






Kidnay 


nd 




1 Paritoneuffl 


nd 





Expression of fi-galactosidase activity therefora 
depends both on the distribution of the DNA vector, and the 
20 tissue specificity of the promoter. For example, the Ps 

promoter is very active in airway epithelial cells, but much 
less active in other cells that have been tested, such as 
those derived from the pancreas. 

25 ExqWPl» 11 

Intearstion and exDrejssion of the CD44 aene in luna carcinoma 

cells 

The pSAcd44 vector, i^ich expresses the cell- 
surface marker CD44 from the p^ promoter, was sxibcloned 

30 directly from the pSA206 (AAVpjneo) construct. Particle 
numbers vera determined by dot-blot analysis. This vector 
and the pRSS packaging plasmid were co*transf acted the lung 
carcinoma cell lines R209 and H82. Various doses of the 
vector were tested in 4 x 10^ cells per aliquot. Forty eight 

35 to 72 hours after transf action, the cells wera fluorescently 
stained for cell-surface gene expression using an anti*-CD44 
antibody. The cells were then passed through a fluorescence* 
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actlvated call counter to datar&in tha pr p rti n that vara 
positively stained. 

Results f this analysis are 8ho%m in Figure 6. 
Virus tit rs are expressed in units f 10*; thus, "1000* on 
5 the horizontal axis represents 250 vector particles per 
carcinona cell. High frequency of CD44 expression was 
acconplished at doses as low as 100 particles per cell. 
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CIAZKS 

1. A procftss f r the generatl n of high titers f AAV 
r coBbinant v ct re c aprieing:^ 

(a) providing cells containing at least one intact 
5 copy of a stably integrated recombinant AAV vector, %^erein 
the AAV vector comprises AAV inverted terminal repeat (ITR) 
regions and a transcription promoter operably linked to a 
target polynucleotide, and wherein the expression of the rep 
gene is limiting In said cells; 

10 (b) providing an AAV packaging plasmid that allows 

expression of the product of the np gene, wherein in the 
plasmid the rep gene is operably linked to a heterologous 
promoter, and wherein the packaging plasmid lacks overlapping 
homology with AAV sequences in the vector in the cell 

15 provided in (a) ; 

(c) inserting the AAV packaging plasmid into the cell 
and incubating the cell under conditions that allow 
replication and packaging of AAV; and 

(d) isolating recombinant AAV vectors produced in step 

20 (c). 

2. The process of claim 1 irtierein the heterologous 
promoter of step (b) is HIV-LTR. 

25 3. The process of claim 1 wherein the packaging 

plasmid is pRS5« 

4. The process of claim 1 wherein the target 
polynucleotide encodes a polypeptide that can function as a 

30 cystic fibrosis transmembrane conductance regulator (CFTR) • 

5. The process of claim 2 %rtiereln the target 
polynucleotide encodes a polypeptide that can function as a 
cystic fibrosis transmembrane conductance regulator (CFTR) • 

35 

6. The process of claim 3 wherein the target 
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polynucle tide encodes a polypeptide that can functi n as a 
cystic fibr sis transneabran c nductance regulator (CFTR). 

7. A packaging systea for the generati n of high 
5 titers of AAV recoBblnant vectors conprlslng: 

(a) cells containing at least one intact copy of a 
stably integrated reconblnant AAV vector, wherein the AAV 
vector conprises AAV Inverted terainal repeat (ITR) regions 
and a transcription promoter operably linked to a target 

10 polynucleotide; and vherein the expression of the rmp gene Is 
Uniting in said cells; and 

(b) an AAV packaging plasnld that allows expression 
of the product of the rep gene, wherein in the plasald the 
rep gene is operably linked to a heterologous pro&oter, and 

15 wherein the packaging plasmid lacks overlapping homology with 
AAV sequences in the vector in the cell provided in (a) • 

8. The packaging system of claim 7 %mereln the 
heterologous promoter in step (b) is HIV-LTR. 

20 

.9. The packaging systea of claim 7 wherein the 
packaging plasaid is pRS5. 

10. The packaging system of claim 7 wherein the 
25 target polynucleotide encodes a polypeptide that can function 
as a cystic fibrosis transmembrane conductance regulator 
(CFTR) • 



11. The packaging systea of clala 8 wherein the 

30 target polynucleotide encodes a polypeptide that can function 
as a cystic fibrosis transmembrane conductance regulator 
(CFTR) . 

12. The packaging system of clala 9 wherein the 

35 target polynucleotide encodes a polypeptide that can function 
as a cystic fibrosis transmembrane conductance regulator 
(CFTR) . 
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13. A packaging plasaid for use in the production t 
th generati n t high titers f AAV recoabinant vect re that 
all vs expressi n f the pr duct t the rep gene, vherein the 
plas&id ccnprises r p gene operably linked to a h ter log us 

5 proBoter. 

14. ThB packaging plasmid of claia 13 vherein the 
proaoter in the packaging plasaid to which rep is operably 
linked is HIV-LTR. 

0 

15. A packaging plasnid according to claim 13, 
vherein the plasnid is pRSS. 
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